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Preparation for Lab?2

 Download the following file into your working directory.
— wget http://eecs.wsu.edu/~ee434/Labs/labl.tar.gz

 Unzip it.
— tar xvfz labl.tar.gz



Files

* Shortcuts
— common_bindkeys.il

— leBindKeys.il

— schBindKeys.il
e sh

— Files to source
« Tech file

— tech_ng45nm.tf
» Display resource file
— display.drf
 rules
— layer.inc
— calibreDRC.rul
— calibreLVS.rul
— calibrexRC.rul
« mylnv_X1 LVS.sp: A netlist for LVS
« mylnv_X1 simul.sp: A netlist to simulate an inverter with parasitic RC.
« mylnv_X1 noRC simul.sp: A netlist to simulate an inverter without parasitic RC.




What We Are Going To Do

Layout
DRC
LVS
XRC

SPICE simulation



How to Launch Virtuoso

Source the following file:

> source sh/cadence-ic.sh
Run Virtuoso

> Virtuoso

You will see a Cadence logo and a main window (Command
Interpreter Window, CIW) as follows:

File Tools Options Help caden(e
Program: B(#)$C05; wirtuozo version B,1,5 09/25/2012 22116 (sjfdl074) §
Sub versiond sub-version ICE,1,5,500,132 (32-bit addresses)

Loading geView,cxt
Loading menuBuilder,cxt
Loading schWiew,cxt
Loading selectSe,cxt
Loading LYS,cxt

Loading layerProc,cxt
Loading =1UT,cxt
Loading auCore,cxt
Loading dem,cxt

Loading vhdl,cxt
Loading seismic,cxt
Loading ci,cxt

Loading amsz,cxt
Virtuoso Framework License (1110 was checked out successfully, Total checkout time was 0,06z,

lmouse Lt T2 Rz

E |




Create a Library

« InCIW
— Click “Tools” — “Technology File Manager...”.
* Inthe Technology Tool Box window
— Click “New...".
* Inthe New Technology Library window
— Enter a library name you want.
— Click “Browse...” to load tech_ng45nm.tf.
— Click OK. X New Technology Livrry =1ojx]
* You will see the following message. Techology Library Nave  [rstre 1 |

® load ASCIT Technology File 5_5PringflablHtech_ng45nm.tFI | Browze, . . |
— Copy From Existing Technology Library

_ Reference Existing Technology Libraries ana?ogLib
basic
cdzDlefTechLib

Technology File ' i 'Iluﬂﬂ*d Luuue:xrullu.l Directory (ron-library directories) ngdBnmn_1

! Check CIW for potential warning message(s),

.
zh

Dezign Manager: Mo OM

0k 1 Lancel . Apply o Help
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Create a Library

Close the Technology Tool Box window.
In CIW, click Tools — Library Manager ...

In the leftmost column, you will see both your library and some
default libraries.

Library

ngdbrm_1

15_Bths
ahdlLib
analoglib
hazic
cdzllefTechLib

rfExamples
rfLib




How to Create a Cell

* In the Library Manager window, click File — New — Cell View.
« Enter a cell name and click OK.

X New File _|o] x|
File

Library ng4anm_1 n

Cell my I K1

Yigw layout.

Tupe hlagu:uut H
Application

Open with Layout GHL n

__ Alwayz uze thiz application for this type of fli

Library path file

Cancel Help




How to Create a Cell

If the following window pops up, uncheck the “Use schematic
view:” and click OK.

X Update Connectivity Reference _|O ﬂ

Source View Definition

¥ lsze zchematic wiews

Library: SECsom Sel by Curzaor
————————

Lell:

Yiewy zchematic Browse, , .

_ Update layout cellwiews hierarchically

Phyzical Configuration Yiew Definition

_ Use configuration wiew:

Library?

Cell:

Yiew: Browse, ..
e —————

m Cancel Help




Layout Window

Egi Virtuose Layout Suite GXL Editing: ng45nm_1 mylnv_X1 layout _lo ﬂ

Launch File Edit Yiew Create Yerify Conmectivity Options Tools Window Optimize Floorplan Place Route Help (éden(e
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Editor Setup

« Press “e” or click “Options” — “Display...”. Use the following
Sett| ng . X Display Options = |0| x|

Display Controls Grid Controls
 Open to Stop Level — Nets Tyre  _ none ® dots o lines
o fxes __ Fccess Edges Din Hajor Dots =
_ Inztance Origins __ Instance Pinz
# EIF Surround __ Array Iconz Hinor Spacing 0.1
_ Pin Mamesz W Label Origins Hajor Spacing 0,50
__ Dot Pins __ Use True BBox % Snap Spacing 0,001
v Net E i C C -
# Het Expressions _ Crozs Cursor ¥ Snap Spacing 0,001
_ Stretch Handles __ Row Mame
__ Via Shapes __ Row Site Filter
& Dynamic Hilight & True Color Drag
# Dragged Object Chost _ Tranzparent Group Size B Stule FM
__ Trawversed instance BBox
Snap Hodes

Maximum Drag Lewel 32 Create orthogonal n

Haximum Mumber of Drag Figures faey] Edit orthaganal n

Scroll Percent 25
Timming

Inztance Drawing Mode LBBDX n Scope PLB

Path Display Borders and Centerlines n Automatic Dimming -

Set LPP VisibilitDo not check walidity n Bin Intensity:

1

Shaow Mame OF — inztance & master _ both =

ey Displey Display Levels Dim Selected Object Content

& Full Start |0 True Color Selection only

« Border .

— Source Stop |20

essssssssssssssss——— > Uellvien o Library o Tech Library o File /), cdsenw Birouis .. |
—_—
Save To Load From lelete From

m Cancel Dlefaults Apply Help




Editor Setup

* Press “Shift+e” or click “Options” — “Editor...”. Use the following
setting. (Turn off “Gravity On”).

X Layout Editor Options
Editor Controls

# Repeat Commands

_ Display Reference Point
# Auto Set Reference Point
# Recursion Check

_ Maintain Connections

# Abut Server

& (Cell Auto Abutment

# Save Rulers

_ Select Created Object

Rotate Around Combined Center

v
¥ Flip Around Combined Center

& Turn 0Ff Infix In Smart Snapping

Half Width Check (off B

Conic Sides 20

Shapping

— Inztance to Row

Wires _[‘IanuFactur‘ing Grid n

Gravity Contraols

Gravity On -
Types o all _ none
» centerline & edge & midpoint
» yertex » end W rExus
W pin W origin
fperture 0 Depth 3
Bounce ¥ 0 Bounce ¥ 0
Tap

Auto Tap @ Wire _ Shape

 Tap Layer
» Tap Attributes
— Tap End 5Styles
® Only with same End Styles
Even with different End Styles

<

Select from Overlaps

— Include A1l (Wire} Via Layers

Tap Purpoze List  drawing

- 0| x|
Wire Editing
Wire

Wire

LEFRouting n

Wia Parameters Calculation Mode

Minimum Rules n

Auto Merge Wires

<

— Allow Loops
— Adjust Edited Vias Params
— Show Alignment Markers

— EBlockage: Use Minimum Width

Create Yia

Wia

Same az Wire n

Wia Parameters Calculation Mode

Mir Rules & Viallef n

File “f cdzeny

Save Ta

Laad Fram

Browsze, ..
M ————

Cancel Defaults Apply Help
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How to Draw Objects

Use the right mouse button to zoom in.
Choose a layer you want to draw in the layer window.
— Choose “drawing” for the “Purpose”.

Press “r’ or Click “Create” — “Shape” — “Rectangle”. Now you

are ready to draw a rectangle of the layer you selected.
Draw a rectangle by clicking the left mouse button twice.

13



How to Draw Objects

 Press “ESC” to stop drawing rectangles.

* Click the rectangle you just drew.

* Press “q’ to see the property of the rectangle.

* You can fine-control the coordinates in this window.

» Click “OK” to accept the change.

K Edit Rectangle Properties

0k | Eancel| Apply | Ry, |E:'s‘=.>-;‘:-'.‘-=-

o
4.|

-0l x|

# fttribute - CoMnEctivity v Par saser

Laer  [fpweil Jarw | — ‘
Left ’01%—
Right 0,518
Width 0,415

Layer Filter |r

Bottom 0,095
Top 0,217

Height 0,118

a‘: Edit Rectangle Properties
0k | Cancel | Apply | bigr, |sd|

_loj x|

& fttribute - Comnectivity - Ferseassr o Property - S5 o B0

Layer drw . ‘ Layer Filter |r

Left -1 Bottom -1
Right 2 Taop g

Width |3 | Height




How to Draw Objects

Press “f” to zoom out.
Click whitespace to unselect the rectangle.

£ Virtuoso Layout Suite GXL Editing: ngdSnm_1 mylnv_XL layout

=k

Launch File Edit View Create Verify Connectivity

Options Tools Window Optimize Floorplan Place Reute Help

cadence

= 5 €
Iy o G| @4
Woomw s NS
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label
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[ in... drawing

<
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i
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(M cin....

label
draving
label

drauing
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drauing
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Objects
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- Tonut,
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-~ Rectangle
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How to Draw Objects

Drawing wires using rectangles is pretty painful.
Click “metal 1 — drawing” in the layer window.

(11 ”

Press “p” or click “Create” — “Shape” — “Path”.

Now you are ready to draw a path of metal 1. Its width is pre-
defined in the technology file.

Try to draw some paths. To finish, double click the left button.

16



How to Draw Objects

Move: choose an object, press “m”, and move it. Or, click whitespace to
unselect, press “m”, and click and move an object.

Copy: Click whitespace to unselect, press “c”, click the object you want to
copy, and paste it.

Stretch: click whitespace to unselect. Press “s” and stretch a boundary of
an object.

Ruler: press “K”.
Clear ruler: shift+k.

Merge: select two objects of the same type crossing each other and press
“shift+m”. It will create a polygon object.

Save: F2

17



Design Rules

See the following page:
— http://www.eda.ncsu.edu/wiki/FreePDKA45:Contents

Click each layer under “Design Rules”.

18


http://www.eda.ncsu.edu/wiki/FreePDK45:Contents

Design Rules
FreePDK45:PolyRules

| Rule ” Value ” Description |
[POLY.1|[50 nm |[Minimum width of poly |
|F‘GLY_2||1-‘1U nm”Minimum spacing of poly AND active |
|F‘OLY.3||55 nm ”Minimum poly extension beyond active |

|F‘OLY.4||TU nm ||Minimum enclosure of active around gate|

|F‘OLY.5||5[] nm ||Minimum spacing of field poly to active |
[POLY 6{[75 nm  {[Minimum Minimum

spacing of field poly |

19



Design Rules
FreePDK45:WellRules

| Rule || Value || Description |

|WELL.‘1||n0ne ||SaveDerived: nwell/pwell must not overlap |

|WELL.2||225 nm”Minimum spacing of nwell/pwell at different potential |
|WELL.3||135 nm”Minimum spacing of nwell/pwell at the same potential| —

[WELL.4/[200 nm|[Minimum width of nwell/pwell |

Well.1/ =
Well.2/
Well.3




Design Rules
FreePDK45:ImplantRules

| Rule ”'ul’alue” Description |
|IMF‘LANT_1 ”?U nm”Minimum spacing of nimplant/ pimplant to channel|
— |IMF‘LANT.2 ”25 nm”Minimum spacing of nimplant/ pimplant to cuntact| —

IMPLANT 34|45 nm||Minimum width/ spacing of nimplant/ pimplant |

|IMF‘LANT_5 ”nune ||Nimplant and pimplant must not overlap |




Design Rules
FreePDK45:ActiveRules

| Rule ”'ul’alue” Description
IACTIVE.1{[90 nm|[Minimum width of active

|
|
—— |ACTIVE.2||BU nm”Minimum spacing of active | —
|
|

|ACTIVE.3||55 nm”Minimum enclosure/spacing of nwell/pwell to active

|ACTIVE.-¢||nune ||saveDerived: active must be inside nwell or pwell




Design Rules
FreePDK45:ContactRules

| Rule ”\J’alue” Description
[coNTACT 165 nm|[Minimum width of contact
|CONTACT_2||?5 nm”Minimum spacing of contact

EE—— |CONTACT.3||n0ne ||saveDerived: contact must be inside active or poly or metald

|CONTACT_5||5 nm ||Minimum enclosure of poly around contact

|CONTACT_E~||35 nm”Minimum spacing of contact and gate

|
|
|
|
|CONTACT.4||5 nm ||Minimum enclosure of active around contact |
|
|
|

|CONTACT.?'||90 nm”Minimum spacing of contact and poly




Design Rules
FreePDK45:Metal1Rules

| Rule || Value || Description |
IMETAL1.1//65 nm [[Minimum width of metal1 |
|METAL1 .2”55 nm ||Minimum spacing of metall |
|
|

|METAL1.3||35 nm ||Minimum enclosure around contact on two opposite sides

|METAL‘1_4||35 nm ||Minimum enclosure around vial on two opposite sides

|METAL1.5||BU nm ||Minimum spacing of metal wider than 90 nm and longer than 900 nm |

|METAL‘1_E~||2?'U nm ||Minimum spacing of metal wider than 270 nm and langer than 300 nm|

|METAL1.?||5EJ[] nm ||Minimum spacing of metal wider than 500 nm and longer than 1.8um |

|METAL‘1_8||9EJU nm ||Minimum spacing of metal wider than 300 nm and longer than 2.7 um |

|METAL1.9||15[]U nm”Minimum spacing of metal wider than 1500 nm and longer than 4.0 um|




Design Rules

FreePDK45:Via1Rules

| Rule ||‘U'a|ue|| Description

[V141.1|[65 nm|[Minimum width of viat

|‘JIA1.2”?5 nm”Minimum spacing of vial

|‘JIA1.3”nnne ||saue|]eriued: vial must be inside metal1|

|"u"IA1.4||n|:|ne ||saue|]erived: vial must be inside metal2|
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Example — Inverter
Layout

1. poly, active, and contact (Ln=50nm, Wn=90nm, Lp=50nm, Wp=140nm).

26




Example — Inverter
Layout

2. pimplant and nimplant.

27



3. pwell and nwell

Example — Inverter
Layout

28



Example — Inverter
Layout

4. body contacts.




Example — Inverter
Layout

5. VDD and VSS.




Example — Inverte
Layout

6. Input and output.




Example — Inverter

Layout

7. Create pins (A, ZN, VDD, VSS).
- “Create” — “Pin...”

X Create Shape Pin
Connectivity

Terminal Mames

—  keep First Mame

— Create az ROD Object

=10 x|

& ztrong o weak

Al Phyzical Only

& Mlizplay Terminal Mame

X Pitch 0 Y Pitch 0O

Dizplay Terminal Mame Option,.,

Hame doti
Mode — rectangle | ® dot | _ polygon o circle o auto pin
[/0 Type & irput | o output o inputOutput o switch
w Jumper o unuzed o tristate
Shap Mode orthogonal n

Access Dlirection

& Top o Bottom o Left o Right

& Any __ Mone

Hide Cancel Help

K Terminal Name Display

=10l x|

Height 0.2

Fant ztick n

Text Options

# Drafting

__ Overbar

o . B

—

 Pin Layer

Justification [centerCenter n

.£|L Rotate ﬂl Sideways %Upside Tlawn

Cancel Help

32
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Example — Inverter

Layout
7. Create pins (A, ZN, VDD, VSS).
- A input
- ZN: output

- VDD, VSS: inputOutput




Example — Inverter

8. Save the design.

Layout

9. Export the design into gdsii.
- In CIW, click “File” — “Export” — “Stream...”.
- Click “Translate”.

X Virtuoso (R) XStream Out

Stream File

Technology
Library

Library
Top Lewel Cell(s)

View(s)

myIr_¥1,ods

ngdbmm_1

iy Tres_i1

layout

Show 0 ptionz

Save Template ...

Load Template ...

=10l x|

— Stream Out From Virtual Memory

# Show Completion Message Box

Tranzlate I Cancel

Apply

Rezet All Fields

Help
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10. Export

Example — Inverter
Layout

K Streamn out translation complete ﬂ

INFO [XSTEM-234): Translation completed, '0' erroris) and '0' warningis)

)
AL found,

Do you wish to wiew the log file 7
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Example — Inverter
DRC

1. Let’'s run DRC.

2. Source calibre.sh.
> source sh/calibre.sh

3. Run Calibre.
> calibre -gui

a‘: Calibre Interactive v2013.2 1513

rm[IRC OFH rimLYS PERC PEX SDSTACK

=10 x|

RYE

37



Example — Inverter
DRC

4. Click “nmDRC".
5. Close the “Load Runset File” window.

6. The red texts mean that some files in the input tabs are missing.

X Calibre Interactive - nmDRC v2013.2 18.13 o]
File Tranzcript Setup Help|
Rules — IRC Rules File
Inputs rules g View | Load |I
Lt Check Selection Recipe; | Checks selected in the rules file 7| Edit... |
Run Contral |
Transcri pt — IRC Run Directory
R ||| J|

Start RUE Layer Derivations

38



Example — Inverter

7. Click “Rules”, and “...” Iin the “DRC Rules File” and choose
“rules/calibreDRC.rul".

DRC

8. Click “Inputs” and “...” in the “File” and choose the gdsii file you

exported.

9. Enter the name of your inverter cell.

X Calibre Interactive - nmDRC v2013.2 18.13
File TIranscript Setup

K Calibre Interactive - nmDRC v2013.2 18.13

=l

Help

nnnnnnnnn

Ll v | o | e

IRC Rules File
Rules
Inputs | I A . ‘rules/cal ibreDRC,rul
Dutputs
= Check Selection Recipe: | Checks selected in the rules file = w|
Fun Contral |
Transcrip t IR Run Dirctory

T _flablimylnv_¥l.ods

]

+| Layer Derivations
Start RYE .




Example — Inverter
DRC

10. Click “Run DRC” to run Calibre DRC. ===

11. It will show two windows.
- DRC Summary Report
- Calibre — RVE

12. Close the Summary Report window.

13. See the RVE window. | have the following errors.

w  Check Metallo, B 0
¥ Check Grid,1 12
¥ Check Grid,2 E
¥ Check Grid.3 B
# Check Grid,4 24
¥ Check Grid.h 4
¥ Check Grid.B 4

" Check Grid,7 0

—-ﬂ.«/ bl 4 |
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Example — Inverter
DRC

14. Ignore the “Check Grid.#” errors.

15. If you have any errors, fix them in the layout window (Virtuoso),
re-export, and run DRC again.
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Example — Inverter
LVS

1. Let’'s run LVS.
2. Click “nmLVS” in the main Calibre window.
3. Close the “Load Runset File” window.

4. Select the “calibreLVS.rul” in the LVS rule file section.

X Calibre Interactive - nmLV5v2013.2 18.13 0] x|

File Tranzcript Setup Halp|

’T — L¥S Rules File
Bules
i | I ‘rules/calibrelVS.rul Pees IViem Load ‘

______

Output:
ﬁ — L¥S Run Directory
Run Cantra 1 ‘
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Example — Inverter
LVS

5. Click “Inputs”. We need to enter the name of the file containing
the layout and the netlist file.

X Calibre Interactive - nmLV5 v2013.2 1813

(=3 X Calibre Interactive - nmLVS v2013.2.18.13 (=3

File Iranscript Setup Help | File Iranscript Setup Help |
Rules | [ Run: # Hierarchical - Flat - Calibre CB | Rules | [ Run: # Hierarchical - Flat - Calibre CB |
Inputs [Step:  # Lauout vs Metlic - Netlist vs Metl: - Metlist Extract: | Inputs [Step:  # Lauout vs Metlic - Netlist vs Metl: - Metlist Extract: |
Output: Output:
ERnes Netlist | H-Cells | Signatures | Uaivers | ERnes Lauout H-Cells | Signatures | Uaivers |

Run Control Run Control

Transcript. IFlle: [

mglr_HL.gds TE— IFlles: [male 1 LWs.2p ¥ .. l Wiew ‘
R Lys || Format:  oSHI I Expart. from layout vieuer fun LS Format:  SPICE — I Export, from schenatic vieuer
Irop Cell:
Start RVE

naIrw_KL 1 ‘ ,W ITDp Cells [mlnu X1 | <0 ‘
Layout. Netlid t | oo | view ‘
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Example — Inverter
LVS

6. If everything is good, you will see the following window:

<>< Calibre - RVE v2013.2 1813 : svdb mylnv_X1

File Yiew Highlight Tools

= 4 bl ; ol
B BT | B

Window Setup

? 5!% ~ Search M

=10 x|

Help

= Navigator ] ' x

Results

%Extr‘action Results
N;&Comparison Rezults
Reports

fe|Extraction Report
L|LYS Report

Rules

& |Rule= File
View

0 Info

@& Finder
TrSchematics
Setup
wulptions

8 Comparison Results X

B Layout Cell / Type Source Cell Nets Instances
@ mylnw_¥1 # mylny_K1 4L, 45 1L, 15

Ports
4L, 45

Cell mylrw_¥1 Summary (Clean)
CELL COMPARISON RESULTS ( TOP LEVEL )

# SEEHHH o
# # # #* #*
% # CORRECT #
# 4 # # A
# SEEHHH
LAYOUT CELL MAME: mylrw_K1
SOURCE CELL MAME: mylrw_K1

INITIAL MUMBERS OF OBJECTS

Layout Source Component Type

Parts: 4 4

Hets: 4 4

Instances: 1 1 HN (4 pins)
1 1 HP {4 pins)

Total Inst: 5 _____ 5

MUMBERS (OF OBJECTS AFTER TRAMSFORMATION

Layout Source Component Type

Ports; 4 4
Metsy 4 4
Toooaooo oo A A Geeew. KA —a o
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Example — Inverter
LVS

7. I'll remove the body contacts and see what happens.

X Calibre - RVE v2013.2 18.13 : svdb mylnv_X1 =]
File VYiew Highlight Tools Window Setup Help
Bl la|n vy | = T
‘e-Namgamr] X || (%) Conparison Results X
Pl ) Layout Cell / Type Source Cell Count Nets Instances Parts
HoExtraction Result :
X r‘ac.lon esite B ¥ Discrepancies 4
~Comparison Results B % Incorrect Nets 2
Reparts 3 Discrepancy #1
e |Extraction Report ¥ Discrepancy #2
s |LVS Report B ¥ Incorrect Instances 2
Rules ¥ Discrepancy 43

X Discrepancy #4

& Rules File

Wiew
O Info Cell myInv_K1 Summary (4 Discrepancies)
#hFinder CELL COMPARISON RESULTS ( TOP LEVEL )
TrSchematics

Setup # # AR R R
@ N # ¥ # #
“lptions * #  INCORRECT  #
# # # #
# # AHHHHEHEH AR

Error:  Different rumbers of nets (see below).
Error: Connectivity errors,

LAYOUT CELL NAME: my I _K1
ISOURCE CELL NAME: myIrn_#1

IMITIAL WUMBERS OF OBJECTS

Component Type

Parts: 4 4

Nets: [ 4 *

Instancest 1 1 HN (4 pins)
1 1 HP {4 pins)

Total Inst: - é _____ ;




Example — Inverter
LVS

8. First of all, match “Ports”, which are primary inputs and outputs.

Layout Source Component Type

Ports: 4 4
9. Then, match “Instances”.
Instances: 1 1 HM (4 pins)
1 1 HP (4 pins)
Total Inst: 2 2

10. Then, match “Nets”.

[Mets: B 4 |

- In the source (the SPICE netlist), there are four nets, which
makes sense (A, ZN, VDD, VSS).

- In the layout, however, there are six nets, so something is wrong
In the layout.
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Example — Inverter
LVS

11. Click “Discrepancy #”.

B ¥ Incorrect Instances 2

- Wlizcrepancy #3
¥ Discrepancy #4

Cell mylrw_¥1 (Incorrect Instances #3)
LAYOUT MAME SOURCE MAME

¥ Dizcrepancy #3 in mylnw ¥l

MACD, 240,0,973)  HP{PHMOS_HP) mpl  MP(PHOS_HP)
g: H g A
=t M =1 ZN
d: WID d: YIT
by B ¥ no ozimilar net ¥
#ok W bt VID

- It says that the body (substrate) of M1 (the PMOS transistor) in
the layout is connected to net “6”, but that in the source is
connected to “VDD”,

- From this, we know that the body of M1 is NOT connected VDD.
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Example — Inverter
XRC

1. Let’s run xRC.
2. Click “PEX" in the Calibre main window.

FEX Rules File
Bules [

Inputs | .. . frulesfcal ibrexRC,rul e | Yiew
Output. '
MSI - PEX Run Directory

ILaHDUtll Metlist ] H-Cell= ] Blocks ] Probes ]

| Inputs
File: | fmylr_¥1,o0ds e
Fun Control Format: GISIT = _| Export from layout wiewer
T ipt
m Top Cell: glnv ¥l | |

Bules

Bules Layout ] Metlizt I H-Cell=s ] Blocks ] Probes ]
Inputs
Files: |mHInu_K1_LUS+sp _EJ 000
Outputs _t 1
Fun Control Format SPICE = _| Export from schematic
Transcript
Top Eell:ImHInu_Hi




Example — Inverter

XRC

Bules
Input=

Qutputs
Fun Control

Transcript

Fun PEX

Start RVE

3. Click “Run PEX".

Extraction I’In:u:le Accuracy 200

Extraction Tgp1 Tranziztor Level | B+ C + CC| Mo Inductancel

Metlist I Mets ] Reports ] SVIEB ]

8 dTs

Farmat: HSPIEE| llze Mames Fromi SCHEMATIC

File:

mylrw_K1_xRC,=p

W View netlist after PEX Finishes
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Example — Inverter
XRC

4. XRC netlist (mylnv_X1 xRC.sp)

.include "myInv X1 xRC.sp.pex"
.subckt myInv X1 A VSS VDD ZN

mnl N_ZN_mnl d N_Amnl g N_vS5mnl s N_vSS mnl b nMDS_HP LN "
& A P P

A

F

.I.

mpl N_ZN mpl d N A mpl g N_VDD mpl s N VDD mpl b PMOS_HP LN "I
S oIS -

.include "myInv X1 xRC.sp.MYINV X1.pxi"

|
ends
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Example — Inverter
SPICE Simulation

1. Let's run HSPICE for the inverter.
> hspice mylnv_X1 simul.sp
> hspice mylnv_X1 noRC_simul.sp

2. The following shows my result:

| Fal | Rise

Without RC 112.67ps 123.11ps
With parasitic RC 119.29ps 132.62ps
Difference +6.62ps +9.51ps
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